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Introduction

Currently, Atlantic cod (Gadus morhua) populations off the northeastern

USA coast are managed as two aistinct units: Georges Bank and southward
(ICNAF Div. 5Z and Statistical Area 6), and the Gulf of Maine (ICNAF Div. 5Y)
(New England Regional Fishery Management Council, April, 1977) (Figure 1).-
The following report presents an analysis of the status oF these stocks and
provides data on commercial and recreational catch statistics, research
vessel survey abundance indices, fishing mortality estimates, and stock size
estimates.

Catch Statistics

Tables 1 and 2 summarize the annual cod landings by the USA, Canada,
and other countries during 1960-1976 from Georges Bank and the Gulf of Maine,
respectively (see also Figures 3 and 4). Estimates of USA recreational
catches from the combined stocks for 1960, 1965, 1970, and 1974 were derived
from marine angler surveys (Clark 1962; Deuel and Clark 1968; Deuel 1973;
Ridgely and leuel unpublished MS). Allocation of the 1974 recreational
catches to each of the stocks was accomplished by assigning all of the Maine
and New Hampshire plus half of the Massachusetts sport cod catch to the Gulf
of Maine while the remaining landings from Massachﬁsetts, Rhode Island, New
York and New Jersey were assigned to Georges Bank. Since catch data from the
recreational surveys prior to 1974 were not listed by state, the ratio between
the 1974 angler catches From each stock and the total recreational cod landed
in 1974 (.187 for the Gulf of Maine; .813 for Georges Bank) was used to
allocate the 1560, 1965, and 1970 total angling harvests between the two
stocks. Catches in the intervening years between surveys were estimated by

assuming that the ratio between the recreational and USA commercial landings
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for each stock in each of the survey years was the same in the two years
preceding and succeeding eacﬁ survey year.

Estimated recreational catches from the Georges Bank area varied
from about 8,100 tons'(metric) to 16,100 tons during 1860-1976 and averaged
12,100 tons‘(f&r 1970-74, an interval in which two angler surveys were
performed, the estimated recreational catch averaged 11,700 tons). During
this same 17-year period, USA commercial catches ranged from 10,834 to
17,870 tons and averaged 14,150 tons annually. Canadian and total fofeign
catches rapidly increased from 1960 to 1966 and then subsequently declined
to a low of 4,951 tons in 1976. 1In 1977, the Fishery Management Plan for
Atlantic Groundfish (April 1977) authorized a harvest of 30,000 tons of
cod (20,000 commercial, 10,000 recreatioha]) from the Georges Bank stock
for USA domestic interests and excluded any foreign fishing for these cod
populations. The 1977 USA commercial quota was sdbsequently reducesd to
16,650 tons when 3,350 tons of cod were allocated to Canada under terms of
a USA/Canadian bilateral agreement.

In the Gulf of Maine, the recreational cod catch has remained fairly
constant since 1960, fluctuating between 1,700 and’3,100 tons annually;
the average for the period 1960-1976 was 2,600 tons. USA commercial landings
during this period averaged 5,760 tons, although catches since 1268 have
exceeded this value every year. For 1970-75, the domestic cod catch averaged
7,420 tons per year. Annual landings in recent years (since 1973) have
increased by about 1,000 tons a year. Canadian and international catcheé

of cod from the Gulf of Maine have been relatively insignificant; a combined
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average of only 165 tons was taken annually from 1960-76. For 1977, an
optimum yield bf 7,300 tons.(B,OOO commercial, 2,300 recreational) of

cod from the Gulf of Maine stock was estapiished. As in the Georges Bank
stock, the Groundfish FMP restricted harvests from the Gulf of Maine to
USA fishermen alone.

Catch Composition

Table 3 contains estimates of the Georges Bank cod catch in numbers
at age during 1960-76. The procedure used to derive these data was to
(1) apply the length frequencies obtained from USA commercial samples td
the commercial catches (USA and other countries) to deduce Tlength
frequencies, by year, of the total commercial catch, (2) apply age-length
keys determined from spring and autumn USA bottom trawl surveys (1970-74)
to the commercial length frequencies to obtajn»numbers at age. (The spring
age-length key was applied to catches in the first two quarters of the year
while the fall age-length key was applied to catches in the last half of
the year), and (3) prorate upwards the numbers at age for the 1560-76
commercial catches to include the additional USA recreational catches.

Mean weights at age (Table 4) derived from a von Bertalanffy growth
equation (Penttila and Gifford 1976) and the length-weight relationship,
In W(kg) = 3.0521 1n L(cm) - 11.7231, were applied to the numbers at age to
obtain calculated catches (tons) for comparison with the observed catches
(tons). Ratios between observed and calculated catches varied from 1.225
to 1.443 and averaged 1.353. These mean weights at age were applied to
stock size numbers at age (Table 9) in all years to obtain annual stock

biomass values at the beginning of each year.
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Analysis of the catch composition in the Gulf of Maine area was not
performed due to the paucity of commercial length frequency data.

Abundance Indices

USA research vessel bottom trawl survey catch-par-tow data (Table 5)
indicate a stable level of abundance for the Georges Bank stock since 1963.
The autumn catch-per—fndex (109e 1bs) has varied between 1.10 (1968) and
1.80 (1973). Since 1973, the survey abundance index has increased annually;
the 1976 index of 1.62 is the fifth highest value on record and is above
the 1963-76 survey average of 1.43. Trends in the autumn linear catch-per-
tow index have generally paralleled the 109e catch pattern, although the
former indices exﬁibit more between-year variability. The autumn survey
indices of catch-pe}-tow in numbers (Table 6) from Subarea 5, Subdivision
5Ze, and Georges Bank depict a similar abundance trend to that of the survey
biomass. Mean number per tow of both juvenile (<37 cm) and adult cod (>37 cm)
increased in Subdivision 5Ze and on Georges Bank from/1974-76. Prerecruit
values (<37 cm) indicate that the 1971 and 1975 year-classes are the strongest
in the Georges Bank population since 1966 (Table 6).

An index of cod in Southern New England and the Middle Atlantic area
was derived only from spring bottom trawl surveys since few fish are taken
in these southerly sectors during autumn. Both stratified mean catch-per-tow
indices (pounds and numbers, Table 7) show essentially the same trend;
abundance (109e values) was stable between 1968-72, increased markedly in
1873, and subsequently declined through 1976. In 1977, mean catch-per-tow

showed an increase in these southerly areas.
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Spring survey abundance indices from 1973 onward are not directly
comparable to those in former years since the recent year surveys have
been performed with a No. 41 Yankee trawl while previously a No. 36 Yankee
traw]l was used. Hencé, the pronounced increase in abundance noted in 1973
may have reflectad differencas in sampling gear. The apparent increase, |
however, may also have been real since the autumn Georges Bank bottom trawl
survey catch-per-tow indices (pounds) (Table 5) exhibited an increase in
1973 from 1972. The autumn surveys have always been conducted using a
No. 36 Yankee trawl.

Differences in the survey abundance trends between the southern and
northern components of the Georges Bank stock are difficult to interpret.
The mobility of the New Jersey and Scuthern New England cod groups (Wise
1962) due to migration and hydrographic conditions makes these populations
difficult to samp]e and assess witﬂ é standard survey design. Equally, the
affinities of these groups to the more northerly populations still remains
uncertain.

USA commercial catch-per-day indices for the Georges Bank area (Figure
5) showed the same abundance trends as the autumn bottom trawl surveys
during 1963-67. Subsequently, however, the commercial landings-per-day-
fished rose markedly while the survey catch-per-tow remained level. Because
the reduced abundance of haddock affectad the fishing patterns for cod
after 1967, Brown and Heyerdahl (1972) suggested that the post-1967
commercial indices do not accurately estimate cod abundance. Accordingly,
the commercial indices from 1967 onwards were adjusted with the survey
indices to eliminate the bias introduced by'the recent changes in fishing

practices.
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Standard days fished (Table 8), derived from the adjusted commercial
indices, 1ndicéte that chanéés in catch from the Georges Bank area result
primarily from changes in effort. Both total commercial landings and
effort in this fishery decreased during 1974-76, with the 1976 values being
the lowest in the past decade.

Abundance indices for the Gulf of Maine stock are limited to results
of the autumn bottom trawl surveys (Tables 5 and 6). Mean catch-per-tow
(numbers and pounds) was relatively stable from 1963-1967, increased in
1968, stabilized at a slightly Tower level during 1969-71, and then
decreased until 1974. Abundance increased in 1875 due to good recruitment
but decreased markedly in 1976. Indices for 1976 were the lowest in the

history of the trawl survey.

Georges Bank Stock

Virtual Population Analysis

Stock sizé estimates (numbers) derived from virtual population analysis
(Table 9) of the Georges Bank cod catch in numbers at age indicate that
population abundance substantially decreased from 1967 to 1974. Total stock
size was reduced by 40% in this interval while spaﬁning stock size (age 3
and older) decreased 28%. Since 1974, both total and spawning stock
abundance have generally stabilized or increased slightly.

Georges Bank stock biomass trends (Table 9, Figure 6) are largely
consistent with the fluctuations in population numbers. Spawning stock
biomass increased from 1960 to 1965, but decreased by about 60% from 1965

to 1973. Since 1973, spawning biomass has been about 50,000 tons; a stock
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level resembling that of 1960. The 1977 spawning stock biomass (about
60,000 tons) répresents a 3i% increase in size from 1976 and suggests

that stcck recovery is transpiring. The recent appearance of two strong
year-classes in the Georges Bank fishery and the overall effort reduction .
since 1974 may have contributed much to this improvement.

The VPA stock estimates as presented here must be viewed in Tight of
several procedural and data estimation factors. These include: (1) inclusion
of recreational catches of uncertain accuracy into the VPA; (2) proration
of the recreational landings on the basis of commercial length-frequency
and survey age-length data; (3) use of age-length keys and length weight
relationship based on 1970-74 data, to derive biomass from numbers and Tength
data and (4) dependence of recent population size estimates on a terminal F
value (0.55) derived solely through iterative procedures based on relative
catch 1evé1s. While the relative inaccuracy, if any, of the stock size
estimates due to the above factors cannot be presently evaluated, the VPA
stock size trends do seem to reflect events in the recent Georges Bank
fishery.

Fishing Mortality

Fishing mortality estimates (F) for Georges Bank cod, by size group,
are listed in Table 10. Fishing mortality for ages 3 and older fluctuated
only moderately during 1960-84 but increased during 1965-72 from 0.447 to
0.765. Since 1973, estimates of F have stabjlized between 0.54 and 0.63.
The increase in fishing mortalities during the late 1960's and early 197Q0's
probably resulted from the expansion in fishing effort during 1965-1969
(Table 8), and the subsequent poor recruitment of the 1968-1970 year-

classes (Table 9).
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Cod are fully recfuited to the Georges Bank fishery at age 3 and
older based on”the age-spec%fﬁc mortality rates (Table 11). Partial
recruitment at ages l‘and 2'(the percentage of F at these ages compared
with the weighted mean for ages 3 and older) varied from 0.5 to 5.8% and
32.7 to 129.4%, respectively (Table 11). The selection factor used for the
1975 year-class at age 1 in the VPA (0.15) resulted in an age-specific F
of 0.08 and a yeér-c]ass size of 4.8 million fish. This low year-class
size compared to age 1 estimates for previous years and the 1976 juvenile
cod survey catch-per-tow value implied that partial recruitment was greatly
overestimated. Accordingly, the average age 1 stock size from 1968-71
(20 million fish) wasvused as a conservative estimate of 1976 age 1 stock
size. Partial recruitment resulting from the F value required to generate
this year-class size was 3.4%. Although this vsiue is somewhat higher than
previous partial recruitment values (Table 11), it appears representative
with respect to the large recent-year catches taken from the two strong year
classes (1971 and 1975) evident in the population between 1972 and 1976.

An improved estimate will be available following the 1977 fishing season.

Yield Per Recruit

Maximum yield per recruit of Georges Bank cod occurs at an F-level
of 0.3 (Brown and Heyerdahl 1972). The level of F for fully recruited
age-groups prevailing since 1973 has been between 0.54 and 0.63 and has

thus remained above the Fmax level.
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Gulf of Maine Stock

Although a detailed assessment (virtual population analysis) cannot
be performed for this stock,; the annual increases in catch evident since
1974 (Tab]e 2) and the concomitant decreases in bottom trawl survey abundance
indices'(Tables 5 andi6) suggest recent decreases in stock biomass. The ‘
trend (since 1974) of catches to exceed the estimated MSY level of lO,OOO~
tons (New England Regional Fishery Management Council, April 1977) further
implies recent increases in F. While the survey data indicate that some
of the increased harvest may be due to the existence of one or two strong
classes in the fishery since 1970, fishing mortality certainly remains in

excess of Fma (0730).

X
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Table 1. Cod landings (metric tons) from Georges Bank (ICNAF Div. 5Z)
during 1960-1976."

USA
Year Commercial Recreational Canada Other countries Total
1960 10,8343 11,3951 19 - : 22,248
1961- 13,998 14,838 223 55 29,114
1962 15,232 16,146 2,404 5,455 39,237
1963 13,904 13,487 7,832 5,217 40,440
1964 12,325 11,955 7,108 5,732 37,120
1965 11,410 11,0291 10,598 16,325 49,362
1966 11,794 11,440 15,601 25,468 64,303
1967 12,742 12,360 8,232 15,360 48,964
1968 14,967 13,620 9,127 18,663 56,377
1969 16,356 14,884 5,997 15,071 52,308
1870 14,535 13,2461 2,583 8,091 38,455
1971 15,795 14,393 2,979 8,921 42,088
1872 13,140 11,957 2,545 8,945 36,587
1973 15,933 8,922 3,220 9,387 37,462
1974 17,870 © 10,0551 1,374 7,448 36,747
1975 15,240 8,534 1,845 6,912 32,531

19762 14,4913 8,115 2,304 2,647 27,557

1From angler survey; remaining years estimated.
2provisional.
3Includes 5NK landings.

Source: US commercial and foreign landings from ICNAF Statistical Bulletins
1860~-1965; 1966~1975 data from ICNAF Summary Document 77/V1/8; 1976
data from ICNAF Working Paper 77/1V/1.



Table 2. Cod landings (metric tons) from the Gulf of Maine
(ICNAF Division 5Y) during 1960-1976.

USA
Year Commercial Recreational Canada Other countries Total
15960 3,448 ©o2,6211 129 - 6,198
1961 3,216 C 2,444 18 - 5,678
1962 2,989 2,272 83 - 5,344
1963 2,595 _ 1,713 3 133 C4,444
1964 3,226 2,129 25 - 5,380
1965 3,780 2,5371 148 - 6,465
1966 4,008 2,645 384 - 7,037
1967 5,676 ' 3,746 297 - 9,719
1968 6,360 2,417 61 - 8,838
1969 8,157 3,100 59 268 11,584
1970 7,812 3,0461 26 423 11,307
1971 7,380 2,804 119 163 10,466
1972 6,776 2,575 53 38 9,492
1573 6,069 - 1,821 68 9 7,967
1974 7,639 2,313! 120 5 10,077
1975 8,903 : 2,671 86 26 11,686
19762 9,878 2,963 7 - 12,848

lFrom angler survey; remaining years estimated.
2Provisional.

Source: US commercial and foreign landings from ICNAF Statistical
Bulletins 1960-1965; 1966-1975 data from ICNAF Summary
Document 77/V1/8; 1976 data from ICNAF Working Paper
77/1V/1.



Allantic cod catch {comnercial and recreational) {thousands of fish) from Georges Bank {ICNAF Div. 6I+SA6) during 1960-1976.

Table 3 .
_ B N - - e B
Year-class 1960 1961 1962 1063 1964 1065 1066 1967 1960 1969 1970 1971 1972 1973 1974 1675 1976
1949 - - - - - - - - - - - - - Co- - - -
1950 - 5 2 - - - - - - - - b - - - - - -
1951 19 i2 3 - - - - - - - - - - - - - -
1952 33 32 8. 11 - - - - - - - - - - - - -
19563 72 . 59 36 56 11 - - - - - - - - - - - -
1954 292 103 12 127 | 52° 20 - - - - - - - - - - -
1955 511 205 141 220 113 §5 55 - - - - - - - . - -
1956 1,653 457 448 303 214 109 236 6 - - - - - - - - -
1957 3,151 1,406 738 703 323 253 528 13 6 - - - - - - -
1950 3,702 4,916 2,503 1,006 764 371 073 138, 76 15, - - - - - - -
1959 " 312 6,226 7,373 2,742 1,019 866 900 329 137 59 12 - - - - - -
1960 - 649 6,560 5,063 2,450 1,135 1,316 422 244 105 39 4 - - - - -
1961 - - 283 3,648 4,051 2,617 1,600 746 324 201 07 56 7 - - - -
1962 - - - 78 2,703 5,701 2,406 1,156 735 267 138 124 40 11 - - -
1961 - - - - 65 7,561 3,926 2,952 1,043 612 210 217 20 20 20 - -
1964 - - - - - 454 4,811 7,117 3,100 017 542 354 170 50 56 6 -
1965 T - - - - - - 211 5,839 8,220 2,914 890 068 256 09 109 17 2
1966 - - - - - - - 242 10,500 68,931 3,031 1,168 606 124 162 5§ 19
1967 - - - - - - - - 192 9,879 6,600 2,872 862 316 167 02 30
1960 - - - - - - - - 68 2,765 4,524 2,300 450 356 150 96
1969 - ~ - - - - - - roo- - 50 3,200 4,927 1,272 404 477 175
1970 - - - - - - - - - - - 84 3,809 4,714 1,564 706 578
1971 - - - - - - - - - - - - 130 15,453 6,360 2,616 796
1972 - - - - - - - - - - - - - 1,084 7,620 4,600 1,614
1973 - - - - - - - - - - - - - - 2712 4,134 3,244
1974 - - - - - - - - - - - - - V- - 222 4,234
1975 - - - - - - - - - - - - - - - - 334
Jotal 9,770 16,127 10,165 14,037 11,0825 19,230 17,030 18,990 24,656 23,860 13,364 13,471 13,357 21,599 17,197 13,224 11,122
Obs. wt.l 22,240 29,114 39,237 40,440 37,120 49,362 64,303 48,694 56,377 62,308 38,455 42,008 36,507 37,462 36,747 32,531 27,547
Calc. 1.2 : \ o
wt.”’ 15,691 21,01} 28,322 .30,724 26,164 35,025 62,482 38,136 "41,220 30,394 27,990 31,433 26,946 25,956 26,400 24,125 20,267
Obs/calc. 1.416 1.306 1.3065 1.316 1.310 1.378 1.225 1.277 1.368 1.362 1.374 1.339 1.350 1.443 3.300 1.340 1.360
xMchlc tous

2Uslng mean welghts at age from Table 4.



Table 4. Mean weights at age (kg) for Atlantic cod.

Age 1 2 3 4 5 . 6 7 8 9 10

11

kg .17 .62 1.41 2.51 3.88 5.45 7.15 8.93 10.75 12.55

14.31

Source: USA bottom trawl survey length-weight equation, W(kg) =

o(-11.7231 + 3.0521 1ogeL(Cm)), and von Bertalanffy growth

-.120(t + 0.616), (

equation, Ly = 148.1 (1-e Penttila and Gifford,

1976). Resultant age-weight equation is:

_ -1.20(t+0.616),3.0521
' = -



Table 5. Stratified mean catch (pounds) per tow (linear and 1oge)
of cod from USA autumn bottom trawl surveys, 1963-1976:
See Figure 2 for location of sampling strata.

Georges Bank? Gulf of Maine3
Total - Total Total Total
Year! (1inear) (1oge) (1inear) (1ogé)
1963 24.2 1.75 24.4 1.35
1964 15.7 1.30 31.0 1.15
1965 15.9 1.35 16.3 1.20
1966 11.1 1.20 17.6 1.30
1967 18.4 1.75 12.5 1.35
1568 11.7 1.10 26.5 1.85
1969 10.9 1.30 20.9 1.45
1970 17.1 1.40 22.4 1.65
1971 13.4 1.25 22.5 1.25
1872 31.3 1.75 17.7 1.80
1973 42.0 1.80 11.9 1.35
1974 11.2 1.05 12.2 1.35
- 1975 16.1 1.35 11.7 1.40
0 1.62 9.2 1.18

1976 24.

lvalues for 1963-1975 derived from Figure 15, ICNAF Working
Paper 76/1V/70 (Heyerdahl and Wood, 1976).

2Strata 13-25. -
3Strata 26-30, 36-40.



Table 6 . Stratified mean catch {muber) per low of cod from USA fall bottom trawl surveys, 1963-1976.
See Flgure 2 for locatlon of sampling strata.

1 2 3 Georges pank” . Gulf of Maine®

ICHAF Subarca 5° ICHAF Subdivision 5Z¢“ ICHAF Division &Y Total Total Total Total
fear <3f cm >377cm Tatal A7 an >3V em Tolal <3 cm >37 cn Total  (linear scale) (logy scale) {l1inear scale) (loyp scale)
1963 0.40 2.60 3.00 0.21 2.25 2.46 1.18 3.37 4.54 2.60 0.76 3.79 0.71
1964 0.10 1.86 1.96 0.15 1.50 1.65 0.13 2.13 2.26 1.00 0.50 2.57 0.53
1965 0.55 i.50 2.05 0.56 1.69 2.25 1.37 3.45 4.82 - 2.72 0.70 2.08 0.55
1966 0.70 1.564 2.24 1.16 1.50 2.66 0.47 3.20 3.67 3.09 0.74 2.43 0.61
1967 1.54 2.09 3.61 2.99 2.04 5.83 0.26 2.33 2.59 6.62 1.18 1.64 .60
1961 0.06 2.09 2.15 0.10 1.65 1.75 8.07 4.32 4.39 2.12 0.56 . 2.80 0.084
1969 0.06 1.38 1.44 0.05 1.17 1.22 6.12- 2.67 2.00 1.41 0.50 1.77 0.59
1970 0.75 2.07 2.02 0.49 2.32 2.01 2.11 2.87 4.92 3,25 0.77 3.14 0.69
1971 0.56 1.51 2.07 0.41 1.32 1.73 1.72 2.94 4.66 2.04 06.63 2.00 0.60
1972 3.72 2.70 6.50 J.92 31.45 7.37 6.60 3.44 10.064 8.39 1.05 5.96 0.66
1971 1.27 3.24 4.51 1.12 5.34 6.45 2.13 2.13 4,06 7.87 - 1.00 2.05 0.66
1974 0.69 1.56 2.25 0.40 1.51 1.91 1.06 2.75 4.62 2.24 0.53 2.77 0.65
19756 1.44 2.25 3.69 1.71 2.24 3.92 2.40 4.01 6.41 4.11 0.65 3.94 0.79
1976 1.20 2.31 3.51 2.30 3.%57 5.07 0.25 1.90 2.15 6.68 0.92 1.38 0.51
Sirata 9-30, 36-39 . fstrata 13-25
‘Strata 9, 10, 13, 16-25 Strata 26-30, 36-40.

Strata 26-28. 37-40



Table 7. Stratified mean catch {(numbers and pounds) per tow
(Tinear and loge) of cod from USA spring bottom trawl
surveys taken in Southern New England and the Middle
Atlantic areas (strata 1-2, 5-6, 9-10, 65, 69-70,
73-74), 1968-1977. See Figure 2 for location for
sampling strata.

Mean number Mean number Mean weight Mean weight

per tow per tow (1bs) - (1bs)

Year! (Tinear) (Toga) per tow per tow
(1inear) (Toge)
1968 1.14 .40 6.29 .89
1969 1.47 .40 8.73 .95
1970 74 .28 7.35 .74
1971 .61 .30 6.10 .81
1972 .62 .22 5.80 .59
1973 2.58 .69 11.94 1.25
1974 .73 .34 6.78 .81
1975 .72 ] .31 7.47 .82
1976 42 .18 4.79 .41
1977 .45 .33 4.69 1.27

11968-1972 spring survey catches were made with No. 36 trawl.
1973-1977 spring survey catches were made with No. 41 trawl.
No adjustment has been made in catches for the gear differences.



Table 8. Landings, USA calch per day (adjusted and. unadjusted), and standard days fished (adjusted and
unadjusted) for Georges Bank cod {(ICNAF Div. 57), 1963-1976.

Total commercial
catch (all countries)

U.S. commercial
catch per day

U.S. adjusted
catch per day

Standard Days Fished

Standard Days Fished

Year (metric tons) (metric tons) (metric tons) (unadjusted) (adjusted)
1963 26 ,953 1.0 . 14,974 14,974
1964 25,165 1.0 - 25,165 25,165
1965 38,333 0.9 - 42,552 42,592
1966 52,063 1.1 - 48,057 18,057
1967 36,604 1.0 - 36,604 36,604
1968 42,757 1.4 1.2 30,541 35,631
1969 37,424 1.6 1.2 23,390 31,187
1970 25,209 2.1 1.3 12,204 19,392
1971 27,695 2.1 1.0 13,188 27,695
1972 24,630 2.6 1.0 9,473 24,630
1973 28,540 4.2 1.2 6,795 23,783
1974 26,692 3.9 1.0 6,844 26,692
1975 23,997 3.0 1‘1' 6,315 21,815
1976 19,442 3.9 1.2 4,985 16,202




Table 9. Atlantic cod stock size, by age (1-11 only), on Georges Bank (ICNAF Div. 57+SA6) (thousands of fish) derived
from virtual population analysis assuming M=0.2 and F=.55 at ages 3 and older.
YEAR

Year-class 1960 1961 1962 1963 1964 1965 1966 1967 1968 . 1969 1970 1971 1972 1973 1974 1975 1976
1949 1 - - - - - - - - - - - - - - - -
1950 12 6 - - - - - - - - - - - - - - -
1951 46 21 7 - - - - - - - - - - - -
1952 142 87 42 27 - - - - - - - - - -
1953 394 258 158 97 29 - - - - - - - - - - -
1954 1,153 682 466 316 145 72 - - - - - - - - - - -
1955 2,551 1,611 1,062 743 411 235 143 - - - - - - - -~
1956 5,506 3,025 2,065 1,288 782 449 269 16 - - - - - - - -
1957 11,871 6,889 4,304 2,859 1,709 1,109 680 94 13 - - - - _ - -
1958 24,292 16,655 9,142 5,238 3,312 2,025 1,324 311 131 40 - - - - - - -
1959 40,434 32,852 19,506 9,369 5,209 3,294 1,920 691 272 101 30 - - - - -
1960 - 32,738 26,308 15,645 8,269 4,571 2,723 1,055 486 180 55 10 - - - - -
1961 - - 26,212 21,206 14,079 7,890 4,113 1,936 917 461 198 84 19 - -~
1962 - - - 25,765 21,075 14,819 6,959 3,470 1,805 820 432 229 78 28 - - -
1963 - - - - 29,518 24,207 13,036 7,150 3,214 1,695 840 498 214 95 52 - -
1964 - - - - - 31,278 25,207 16,309 6,992 2,884 1,627 846 377 157 77 13 -
1965 - - - - - - 34,016 27,672 17,404 6,911 3,053 1,700 619 277 147 24 5
1966 - - - - - - - 41,249 33,560 18,057 6,818 2,874 1,308 530 322 120 49
1967 - - - - -~ - - - 32,646 26,586 12,920 5,573 2,003 869 429 184 78
1968 - - - - - - - - - 19,573 15,971 10,587 4,633 1,665 959 467 247
1969 - - - - - - - - - - 19,001 15,502 9,814 3,641 1,842 1,073 452
1970 - - - - - - - - ~ - - 22,086 18,011 11,249 4,994 2,686 1,494
1971 - - - - - - - - - - - - 40,828 33,335 13,495 5,364 2,058
1972 - - - - - - - - - - - - 26,598 20,798 10,202 4,172
1973 - - - - - - - - - - - - - - 18,340 14,773 8,383
1974 - - - - - - - N - - - - - - 34,746 28,271 1
1975 - - - - - - - - - - - - - - - - (20,000)

Stock size \

(103fish)

Age 1+ 86,402 94,724 89,272 82,553 84,538 89,949 90,390 99,953 97,440 77,308 60,945 59,989 77,894 78,444 61,455 69,652 65,209

Age 2+ 45,968 61,986 63,060 56,788 55,020 58,641 56,374 58,704 64,794 57,735 41,944 37,903 37,066 51,846 43,115 34,906 45,209

Age 3+ 21,676 29,134 36,752 35,582 33,945 34,464 31,167 31,032 31,234 31,149 25,973 22,401 19,055 18,511 22,317 20,133 16,938

Age 4+ 9,805 12,579 17,246 19,937 19,866 19,645 18,131 14,723 13,830 13,092 13,053 11,814 9,241 7,262 8,822 9,931 8,555

Stock size

{metric tons)

Age 2+ 66,546 83,984 108,795 115,473 117,790 124,533 120,559 100,579 100,855 93,473 79,057 73,098 62,877 66,408 66,065 60,037 62,910

Age 3+ 51,484 69,616 92,484 102,326 104,724 109,575 104,930 83,423 80,043 76,989 69,1556 63,487 51,711 45,740 53,170 50,877 45,382

Age 4+ 34,746 46,273 64,981 80,266 84,872 88,680 86,549 60,427 55,508 651,529 50,938 48,559 37,873 29,879 34,142 36,493 33,562

lEstimated.

v



Table 10. Flshing mortality rates (F) for Atlantic cod from Georges Bank (ICNAF Dlv. §Z+SA6) derived from virtual population analysis {M=0.2).

YEAR :
Year-class 1960 1960 1962 1963 1964 1965 1966 1967 {968 1969 1970 1971 1972 1973 1974 1975 1976

1949 550 - - - - - - - - - - - - - - -
1950 536 .550 - - - - - - - - - - - - - - -
1951 .588  .931  .550 - - - - - - - - - - - - - -
1952 202 L5210 L2431 850 ¢ - - - - - - - - - - - - -
1953 224 .292  .200  .990  .550 - - - - - - - - - - - -
1954 326 .181 .107  .577  .501  .550 - - - - - - - - - - -
1955 L2600 .216  .187  .392  .387 .29 .550 - - - - - - - - -
1956 2399 182 .272 L2909 356 .310  2.662  .550 - - - - - - - - -
1957 2344 L2700 L2090 .31S .233  .200  1.704 1.780  .550 - - - - - - -
1958 L1830 0394 357 268 .292  .225 1.249  .661° 1.001  .550 - - - - - - -
1959 L0090 L3201 .63 .307  .258  .340  .621  .732  .796 1.010  .550 - - - ., - - -
1960 - 019,320 .438-  .393 .30 748 .575  .791  .996 1.514. .S50 - - - - -
1961 - - 012 210 379 451 (554 547 .409  .645  .656 1.275  .550 - - . - -
1962 - - - .003  .152  .556  .496  .454  .5869  .441  .432  .802  .815  .550 - - -
1961 - - - - .002  .419  .401  .600  .439  .S03  .321  .645  .615  .396 . .550 - -
1964 - - - - - .016  .235 647  .606  .372 454 609  .676 - .518 1.560  .550 -
1965 - - - - - - .007  -.264 724 (617 .35  .BI1  .602  .435 1.599 1.454 . .550
1966 - - . = - - - 006 4200 .774  .664  .687  .703  .298  .790  .697 . .550
1967 - - - - - - - - .007  .522 .64l 023  .634  .507 .64 .663 - .550
- 1968 - - - - - - - - - .004  .221  .620  .822  .352  .520  .43§ .50
1969 . - - - - - - - - - - .003 257 791 482 .340  .664  .550
1970 - - - - - - - - - - - ..004 271 .61z .420  .387  .550
1971 - - - - - - - - - - - - .004 4 L7222 .I58 L5650
1972 - - - - - - - - - - - - - 046 .512  .694  .550
1973 - - - - - - - - - - - - - - 016 .367  .5650
1974 - - - - - - - - - - - - - - - .007  .100
1975 - - - - - - - - - - - - - - - - (.0186)
o2 260 .324 376,320 .273  .435  .428 448 .543  ,606  .448  .513  .525  .647  .569 .63  .319
oo .34 .320  .420  .385  .348  -.447  .585 .61l  .674  .678  .593  .690  .765  .544  .622  .633  .550
FUoas 37240 L2920 M3 326 364 717 .872 612 546 .546 745  .738 440" 469  .631  .550

1Nclghted by stock slze (numbers) at age.



Table 11. Percantage of fishing mortality (F) at ages.l and 2

compared to mean F at ages 3 and older (partial
recruitment).

Year Age 1 Age 2
1960 2.6 53.0
1961 5.8 7.9
1962 2.9 76.2
1963 0.8 54.5
1964 0.6 43.7
1965 3.8 93.7
1966 1.2 40.2
1967 1.0 43.2
1968 1.0 62.3
1969 - 0.6 77 .0
1970 0.5 37.3
1971 0.6 37.2
1972 0.5 35.4
1973 2.9 129.4
1974 2.8 82.3
1975 1.1 £8.0
1576 3.4 32.7
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